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© Amplifying circuit arrangement 
© A robust amplifier consists of two delay lines 12 and 23 
linked by a number of discrete amplifiers 13. Distortion cor- 
rection is carried out by distortion feed forward. This Is 
achieved by sampling the output of each amplifier 13 at a 
coupler 17 and then subtracting this sample from the Input 
signal to later amplifiers (13) along the delay line 12 at dir- 
ectional coupler 19. As a result each discrete amplifier's dis- 
tortion is corrected by all of the following discrete amplifiers 
(13) in the amplifying circuit 
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AMPLIFYING CIRCUIT ARRANGEMENT 
This invention concerns a circuit arrangement for the 
amplification of electrical signals. To provide faithful 
amplification of an input signal it is desirable that the 
5 transfer characteristics of an amplifier should be 
linear. Unfortunately, all discrete amplifiers are 
imperfect, so all discrete amplifiers produce a distorted 
output. A major aim in the design of amplification 
circuits is to provide means to remove or reduce this 

10 distortion. The most common way of reducing distortion 
is application of negative feed-back, but another method 
is -distortion feed-forward", the principle of which will 
be described with reference to Figure 1. 

An input signal is split at a power divider 1. the 

15 proportion of the split depending on the particular 
design. The output of the power amplifier 2 is sampled at 
a coupler 3 and the sample is fed via an attenuator 4. to 
a coupler 5. where it is subtracted from the power fed 
directly from the divider 1, so that only the distortion 

20 signal of the amplifier 2 is fed to a further amplifier 7. 
The output of amplifier 7 is then combined with the 
output of power amplifier 2 at power combiner 8, where 
the distortion cancels. For proper operation the gains 
are adjusted as follows. The gain from input through 

25 divider 1, amplifier 2, coupler 3. attenuator 4 and 
coupler 5 to the input of amplifier 7 must equal the gain 
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from the input through divider 1, delay line 6, coupler 5, 
to the input of amplifier 7. Also the gain from amplifier 
2, coupler 3, attenuator 4, coupler 5, amplifier 7, 
combiner 8, to the output must equal the gain from 

5 amplifier 2, coupler 3, delay 9, combiner 8, to the 
output. Each power combiner and power divider is 
preferably a known four-terminal network having a matched 
load connected to its fourth port. The output of the 
power amplifier 2 is delayed before being fed into the 

10 combiner 8 by the delay 9, this delay is equal to the sum 
of the delays of attenuator 4 and amplifier 7 so that 
there is correlation between signals derived from the 
output of power amplifier 2 at the same instant, and 
distortion cancellation can occur. 

15 as a result of this distortion feed-forward the 

amplification circuit has the same power output as the 
power amplifiier 2 reduced by loss due to combiner 8, but 
only much smaller distortion due to imperfections in a 
practical circuit. 

20 A problem with this arrangement is that any 

imbalance between the two input circuit arms, or mismatch 
at the output port can overload the amplifier 7 unless it 
is generously rated. Power handled by amplifier 7 does 
not of course, contribute to output power. 

25 This problem can, particularly under multi-frequency 

operation, be solved by replacing the amplifier 7 with a 
power amplifier and so constructing a circuit arrangement 
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capable of withstanding mismatching f its load, and re- 
arranging power distribution so - that amplifier 7 
contributes fully to the useful power output of the 
circuit. Only a limited amount of distortion improvement 
is possible using this approach. Amplifiers with this 
capability will be referred to as robust in this 
specification . 

In order to produce an amplification circuit with a 
high power handling capacity it is usually necessary to 
use a large number of discrete amplifiers. 

The present invention was produced while attempting 
to make an amplification circuit with an indefinitely 

enlargeable power capacity and comparatively low 

»■ 

distortion by applying distortion feed-forward 
techniques. 

According to this invention an amplifying circuit 
arrangement includes a plurality of discrete amplifiers 
connected between successive points of an input delay line 
and corresponding points of an output delay line; the 
discrete amplifiers forming a series which is fed in order 
by a plurality of power dividers positioned along the 
input line so as to share the power of an input signal 
between the amplifiers, the outputs of the amplifiers 
being connected to said output line by a corresponding 
plurality of power combiners; means for separately 
sampling the output signals of each of a plurality of said 
amplifiers and utilising the sample signals for modifying 
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the input signal n said input line and which is fed to 
subsequent amplifiers in said series so that the 
distortions of said sampled amplifiers are compensated by 
the subsequent amplifiers. 

5 A preferred embodiment of the invention is shown by 

way of example with reference to Figure 2. Figure 2 shows 
an amplification circuit made up of N discrete amplifiers, 
this circuit consists of N similar sections, so only one 
of these sections need be described in detail. 

10 All components used in this circuit are known, and so 

they need not be described in detail. 

The components 11 are asymmetric power dividers 
arranged so that when an input signal is applied to an 
input delay line at 12 an equal fraction of its power is 

15 applied to each of the discrete amplifiers 13. 

In the section of the amplification circuit 
associated with discrete amplifier number X some part of 
the input signal arrives along an input line portion 14 
and is split by an asymmetric power divider 11 such that 

20 a fraction as described above of the signal power is fed 
to a discrete amplifier 13 while the remainder is fed 
into an input line portion 15. The discrete amplifier 13 
amplifies the signal fed to it and the output of the 
discrete amplifier 13 is on a line 16. 

25 The signal on line 16 is sampled by a directional 

coupler 17. The coupler 17 supplies this sample signal 
via an attenuator 18. to a directional coupler 19 on the 
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input delay line. In practice, the attenuator 18 will not 
be needed if the coupling factors of the couplers 12 and 
19 are correctly adjusted. The injection path comprising 
the coupler 17, attenuator 18, and the coupler 19 

5 therefore samples the output of each amplifier 13 , and 
feeds the sample to a following point on the input delay 
line. The attenuation in the injection path is adjusted 
in such a way that the gain from an output of a sampled 
amplifier through the injection link, the combined gain of 

10 the following amplifiers, and the output delay line 
including output combiners, to the output port equals the 
gain from the output of the sampled amplifier to the 
output port. Because of the subtraction of the powers in 
the couplers 19, the power dividers 11 must be adjusted so 

15 as to distribute equal signal power to all amplifiers. 

Because amplifiers and couplers introduce signal 
delay, • additional delays in the input and output lines 
have to be added to ensure that signals arrive at their 
destinations with the correct phase. Delay elements 20 

20 and 24 provide this function. 

The coupler 19 produces an output signal equal to the 
difference between its two inputs. This signal is fed by 
line 21 to the next section of the circuit. 

The output of the discrete amplifier 13, after 

25 passing through the coupler 17, is combined at a power 
combiner 22 with the sum of the output of all the 
previous discrete amplifiers in the circuit, which is fed 
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t the combiner 22 by th utput delay line 23. The 
output of combiner 22 is put through the delay 24 before 
going on to be combined with the output of the next 
discrete amplifier in the circuit. Preferably all the 
discrete amplifiers have' the same gain and delay. 

The Signal on input delay line 21 is used as input to 
all the later discrete amplifiers in the circuit, so the 
distortion correction signal for distortion due to 
discrete amplifier X is shared between them. Due to the 
arrangement of the delays at each combiner 22 combining 
the output of one discrete amplifier 13 with the sum of 
the outputs of the previous discrete amplifiers, both of 
these inputs to the combiner 22 will have been derived 
from the value of the input signal at the same instant 
and so the distortion due to each discrete amplifier 
will be corrected by all the following discrete, 
amplifiers and the only remaining distortion will be due' 
to the last discrete amplifier in the circuit. Thus the 
amplification circuit illustrated has the power capacity 
of N discrete amplifiers, but distortion theoretically 
equivalent to only 1/Nth of the distortion of the final 
discrete amplifier, as a portion of the distortion power 
will be absorbed in the load of the last combiner 22. 
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CLAIMS 

1. An amplifying circuit arrangement including a 
plurality of discrete amplifiers (13) connected between 
succesive points of an input delay line (12) and 
corresponding points of an output delay line (23); the 
discrete amplifiers (13) forming a series which is fed in 
order by a plurality of power dividers (11) positioned 
along the input line (12) so as to share the power of an 
input signal between the amplifiers (13), the outputs of 
the amplifiers (13) being connected to said output line 
(23) by a corresponding plurality of power combiners (22); 
means (17,18,19) for separately sampling the output 
signals of each of a plurality of said amplifiers (13) and 
utilising the sampled signals for modifying the input 
signal on said input line (12) and which is fed to 
subsequent amplifiers (13) in said series so that the 
distortions of said sampled amplifiers (13) are 
compensated by the subsequent amplifiers (13). 

2. An arrangement as claimed in claim 1 and wherein 
means are provided for separately sampling the outputs of 
all of said amplifiers, except the last amplifier in said 
series, so as to provide compensation for distortions 
introduced by all of said amplifiers except the last 
amplifier. 

3. An arrangement as claimed in claim 1 and 2 and 
wherein each of said plurality of discrete amplifiers has 
the same power handling capability, and the power dividers 
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are arranged to route substantially the same proportion 
of the input power to each of the amplifiers. 

4. An arrangement as claimed in any of the preceding 
claims, and wherein the means for separately sampling 
the output signal of an amplifier and utilising the 
sampled signals to modify the input signal fed to 
subsequent amplifiers in the series are arranged to 
attenuate the sampled signal such that all signal paths 
through the amplifying circuit arrangement have equal 
gain. 

5. An arrangement as claimed in claim 4 and wherein each 
power divider has a first output which feeds one of said 
discrete amplifiers, and a second output which forms part 
of said input delay line, and wherein the signal on said 
delay line, which is arranged to combine with the 
attenuated sampled signal derived from that amplifier, is 
fed from said second output of the power divider such that 
the input signal fed via the input delay line to the 
next power divider is modified so as to take into account 
the distortions introduced by previous amplifiers in the 
series . 

6. An arrangement as claimed in any of the preceding 
claims, and wherein each delay line comprises discrete 
delay elements connected between adjacent power combiners 
or power dividers, as the case may be. 
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Fig. I. 



